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COVER PICTURE
Two nematodes have forced their heads into the growing region
of a rice root and are sucking contents of the cell. They perform these
activities with the aid of a stylet or spear (hollow tube located in the
head, which can be moved forward and backward by means of at-
tached muscles). In this way, nematodes may inject poisonous sub-
stances, destroy cells or provide wounds through which other micro-
organisms can gain entrance into plants.
POPULATION BEHAVIOR OF PLANT PARASITIC
NEMATODES IN SOIL FUMIGATION
EXPERIMENTS
John P. Mollis^ and Max J. Fielding^
INTRODUCTION
The occurrence and activities of common plant parasitic nema-
todes on important crop plants in Louisiana were investigated in 21 soil
fumigation experiments in 1955-56. The effects of fumigation on crop
yields have been reported (4, 11, 23, 31, 32) , and the present paper is con-
cerned solely with an analysis of the nematode data. Results of this in-
vestigation which merit emphasis include (1) generic differences in popu-
lation trends and reaction to fumigants and (2) relations between fumi-
gant vapor pressure and population recovery of nematodes following
fumigation.
Current knowledge of fumigant-nematode interactions is character-
ized by a shortage of critical data and the absence of unifying theories of
fumigant mechanisms and nematode reactions. This work provides a
rationale for the evaluation of fumigation results based on fumigant vapor
pressure and the reactions of different genera of plant parasitic nematodes.
PARTIAL REVIEW OF LITERATURE
One of the most evident characteristics of nematode populations in the
soil is their tendency to fluctuate. Micoletzky (19) was the first worker
to present evidence of seasonal fluctuations in nematode numbers and
species. He found that numbers were highest in the fall and lowest in the
late winter (February)
,
rising again in the spring. The seasonal trends
were attributed to changes in temperature, moisture, plant growth and de-
composition. The number of nematode species paralleled the number of
nematodes, and different groups of species were found to respond to the
fall and spring maxima. Seidenschwarz (29) studied seasonal variations
in nematode fauna and concluded that marked fluctuations in numbers
occurred. He found the greatest number in August and the fewest from
^ Assistant professor of Plant Pathology, Department of Plant Pathology, Louisiana
State University, Baton Rouge, Louisiana.
^Formerly Associate Nematologist, Horticultural Crops Research Branch, U. S. De-
partment of Agriculture, Baton Rouge, Louisiana: now Research Scientist, E. L duPont
de Nemours, Wilmington, Delaware.
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November through January. He observed that different species attained
maximum populations at different times oi the year. Overgaard Nielsen
(24) questioned the occurrence of seasonal fluctuations, citing as evidence
his own results and those of Franz (1942) and Stockli (1943)
.
Recently, several workers have demonstrated significant seasonal fluc-
tuations in populations of Pratylenchus species: Graham (9) , Pratylen-
chus zeae Graham 1951 in tobacco and corn; Goheen and Williams (8)
Pratylenchus sp. in cultivated brambles; and Riggs, Slack and Fulton (27)
,
Pratylenchus coffeae Zimmerman 1898 in strawberries. Sasser and Nus-
baum (28) studied seasonal fluctuations in root knot nematode popula-
tions composed of three species of Meloidogyne in two-year tobacco rota-
tion plots with cotton and corn. Wehunt (30) related seasonal population
trends of Pratylenchus sp. and Tylenchorhynchus sp. to the growth of white
Dutch clover (Trifolium repens L.) . Maximum clover yields and highest
nematode populations occurred from January to June.
Soil fumigation for control of nematodes and other organisms caus-
ing root disorders is an established practice in high-value crops such as
tobacco, sugar beets and certain vegetables. The materials most widely
used are common halogenated hydrocarbons characterized, as follows, by
their principal ingredients and trade names: (1) methyl bromide (Dow-
fume MC-2)
, (2) l,3-dichloropropene-l,2-dichloropropane (D-D mix-
ture)
, (3) 1,2-dibromoethane (Dowfume W-85) and (4) l,2-dibromo-3-
chloropropane (Nemagon) . All of these materials have been tested for
their effectiveness in reducing nematode populations and in improving
yields in the principal crops where nematodes are suspected of causing
damage. An extensive literature treating their effects on the soil micro-
fauna and microflora has been summarized by Newhall (21) . The present
review will be confined to more recent papers dealing with the compara-
tive effects of soil fumigants on nematodes.
As far as the authors are aware, there have been no reports of generic
or specific differences in resistance of plant parasitic nematodes to soil
fumigants. There have been frequent reports of differences in the rate of
build-up of soil populations of nematodes following fumigation, and
there is general agreement that these differences are caused by a variety
of factors, but Perry (26) has emphasized that species differences are prob-
ably one of the most important. He reported that populations of the
stubby root nematode (Trichodorus sp.) increased very rapidly in fumi-
gated plots whereas the sting nematode (Belonolairnus gracilis Steiner
1949) increased much more slowly (25, 26) . Several other species, includ-
ing Dolichodorus heterocephalus Cobb 1944, were intermediate in their
rates of population recovery following fumigation but an abnormal
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build-up in fumigated plots (where populations soon exceeded those in
control plots) was manifested only by the stubby root nematode.
McBeth (18) stated that recent experience in Florida, comparing
D-D mixture with Nemagon, has shown that the latter is more effective in
suppressing population build-up of the stubby root nematode after fumi-
gation. Similar differential effects of fumigant action have been observed
with other nematodes. Graham and Holdeman (10) found that high ap-
plications of Dowfume W-40 (a diluted preparation of 1,2-dibromoethane
with solvent) suppressed populations of sting nematode more completely
than meadow nematodes {Pratylenchus spp.) . In an additional test with
less Dowfume W-40 applied, all sting nematodes but only one-half the
meadow nematodes were killed. Holdeman (12), in three years of field
trials conducted in deep sandy soil in South Carolina, found Dowfume
W-85 and Nemagon more effective than D-D mixture against sting nema-
todes. Nusbaum (22) compared the action of D-D mixture and Dowfume
W-85 against several nematode species on 16 tobacco farms in North Caro-
lina. Dowfume W-85 was more effective than D-D mixture against the to-
bacco stunt nematode {Tylejichorhynchus claytoni Steiner 1937) but less
effective than the latter against meadow nematodes. Anderson (2) com-
pared initial kills of Rotylenchulus renijomiis Linford and Oliveira 1940
by D-D mixture, Dowfume W-85 and Nemagon, and found them effective
in that order.
Consistent results have been obtained by various workers in compar-
ing the effectiveness of these fumigants against different cyst nematodes.
Allen and Raski (1) studied the effects of D-D mixture and ethylene dibro-
mide mixture (a standard preparation of 1, 2-dibromoethane) against sugar
beet cyst nematode {Heterodera schachtii Schmidt 1871) and root knot
nematodes in light and heavy soils. The importance of soil texture in rela-
tion to fumigant effectiveness was shown when D-D mixture was found
ineffective against the sugar beet nematode in soils of high clay and organ-
ic matter content. This was believed due to failure of the chemical to dif-
fuse through these soils. D-D mixture and ethylene dibromide mixture
were equally effective against root knot nematode larvae in a sandy soil,
but the latter failed to kill encysted sugar beet nematode eggs. Parallel
results were obtained in field fumigation studies on Long Island by Lear
et al (16) with the golden nematode of potato {Heterodera rostochiensis
Wollenweber 1923) . D-D mixture was effective whereas Dowfume W-40 in
comparable dosages was ineffective against the nematode. Another cyst
nematode, Heterodera glycines Ichinohe 1952 on soybeans, was investigat-
ed recently in fumigation tests by Endo and Sasser (6) . D-D mixture was
more effective than Dowfume W-85 or Nemagon in the reduction of num-
bers of viable larvae and white cysts.
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EXPERIMENTAL METHODS
The experiments were conducted in 7 crop regions in northern
Louisiana and 4 crop regions in southern Louisiana (Table 1) . The de-
sign of experiments was a randomized block or Latin square, comprising
usually 4 treatments (3 fumigant applications and a control) , each repli-
cated 4 times. Sizes of plots were determined by the agronomic require-
ments for obtaining accurate yield data.
Four fumigant materials'^ were used in the experiments: D-D mixture,
Dowfume W-85, Nemagon and Dowfume MC-2.
Fumigants, with the exception of Dowfume MC-2, were injected into
the soil with MacLean hand applicators. Injections were made on a grid
pattern formed by marking each plot lengthwise and crosswise with a row
marker. The marker rows were spaced 1 foot apart and injections along
the rows were at 1-foot intervals. Injections were made at the points of in-
tersection of odd-numbered rows and cross marks and midway between
cross marks in even-numbered rows.
Dowfume MC-2 was applied to the plots under sealed polyethylene
covers from 1-pound cans fitted with adapters and plastic tubing. The
plastic covers were left on the plots for 48 hours after application.
Dosages of fumigants were maximal and roughly proportional to the
moisture equivalent rating of each soil type in order to assure effective
control of plant parasitic nematodes. Moisture equivalent estimates are
in Table 1 and dosages of fumigants used in the first 15 experiments are in
Table 3.
Sampling Procedures.—Pint soil samples were taken from the plots
with a sampling tube by removing a core of soil s/^ inch in diameter to a
depth ranging from 6 to 8 inches. Crops in 4-row plots were sampled by
removing soil at random from the root zones of plants in the 2 center rows.
Crops of closely-spaced plants were sampled by removing soil at random
from the plots, irrespective of row positions. The soil was collected
in plastic bags which were then sealed and taken to the laboratory
within 2 to 3 days and processed for extraction of nematodes by the
3 D-D mixture is a 97 per cent mixture of 1,3-dichloropropene and 1,2-dichloro-
propane and 3 per cent lighter and heavier saturated and unsaturated hydrocarbons. It
contains a minimum of 50 per cent by weight of the 1,3-dichloropropene fraction and
weighs 10.00 pounds per gallon. Dowfume W-85 is a mixture of 83 per cent 1,2-dibro-
moethane and 17 per cent naphtha thinner and weighs 14.46 pounds per gallon. Nema-
gon is 97 per cent l,2-diobromo-3-chloropropane and 3 per cent other halogenated Cg
compounds and weighs 17.30 pounds per gallon. Dowfume MC-2 is 98 per cent methyl
bromide and 2 per cent chloropicrin dispensed in 1 -pound cans. The D-D mixture and
Nemagon were supplied by The Shell Chemical Corporation of New Orleans, La. The
Dowfume W-85 and Dowfume MC-2 were made available by the Dow Chemical Com-
pany of Greenville, Miss.
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Table 1.—Design, location and soil characteristics in soil fumigation experiments made
in Louisiana in 1955 and 1956
Experiment* Year Location'' Crop
Description of Soil
Type M.E.'^
1 1955 Homer corn Lakeland fine sand 6
2 oats
3
4 " sorgo
5 1956
6
" pine seedling 9
7 1955 Curtis corn Yahola very fine sandy loam 16
8 1956
9 1955 soybeans
10 1956
1955 Crowley rice Crowley silt loam 20
12 1956
13 1956 Winnsboro corn Richland silt loam 22
14
"
cotton
15 1955 St. Joseph Commerce very fine sandy loam 15
16 1955 DeRidder lespedeza Bowie very fine sandy loam 8
17 Ragley rice Beauregard silt loam 12
18 1956 Magnolia citrus Sharkey clay 40
19 1955 Calhoun peaches Ruston fine sand 7
20 Robson pecans Miller silty clay loam 35
21 1956 Baton Rouge sugar cane Sharkey clay loam 35
Experiments were in randomized blocks or Latin squares, usually with 16 plots, but ranging
from 9 to 36. Good control of nematodes, based on results of "kill sampling" taken 2 weeks after
fumigation, was achieved in experiments 1-15 but not in 16-17. Experiments 18-21 have been initiated
but not concluded.
Experiments were conducted in cooperation with Louisiana Agricultural Branch Experiment
Stations located as indicated; except at Robson, on the U.S.D.A. Pecan Field Station, at Magnolia on
the Magnolia plantation in cooperation with Mr. Ralph Lally and the Plaquemines Parish Experiment
Station, and at Ragley in cooperation with Mr. W. H. Habetz.
c An approximate moisture equivalent (M.E.) was estimated for each soil type by Mr. S. A.
Lytle and Dr. W. H. Patrick. Moisture equivalent is defined as per cent available moisture = (Field
capacity — moisture at wilting point).
method of Christie and Perry (5) . Sampling intervals during the crop
season with annual crops varied from 4 to 6 weeks, following a determina-
tion of nematode numbers 2 weeks after fumigation as the first or "kill
sampling." Perennial crops were sampled at intervals of 3 months follow-
ing the initial "kill sampling."
Enumeration of Nematodes.—In the experiments conducted in 1955
approximately 10 ml. of suspension were drawn from each extraction
funnel into a Syracuse watch glass marked near the center with a circle
of area 1/7 that of the glass. The circle was divided into quadrants, each
representing 1/28 of the glass area. Originally, the counts were equated
to numbers per pint of soil by use of the factors 7 or 28. For statistical
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analysis all values were reconverted to 1 /7 pint of soil basis and are so pre-
sented in the tables. In the 1956 experiments, a Syracuse watch glass,
marked with cross rectangles, was used for counting the nematodes from
individual extraction funnels. The rectangles comprised 1/7 of the total
area of the watch glass, and only 2 passes across the watch glass were neces-
sary for scanning the marked area under a dissecting microscope. These
narrow rectangles permitted more accurate counting than the use of cir-
cles of equal area in the central part of the watch glass; in the rectangles,
the radial variations in nematode distribution are included and averaged
in each count. Counts were made with stereoscopic dissecting micro-
scopes at magnifications of 13, 30 and 75 diameters.
The nematode counts in 1955 were confined to plant parasitic and
suspected plant parasitic species.^ In 1956, total nematodes were added to
the counts. The frequent occurrence of other suspected plant parasitic
nematodes such as species of Neotylenchus and Boleodorus in the samples
was not recorded, thus enabling a simplification of identification and
counting procedures.
Preliminary Evaluation of Sampling Methods.—The high numbers
of nematodes extracted from soil by certain European investigators in
contrast to the relatively low numbers obtained with the method of Chris-
tie and Perry, made necessary a critical examination of their method
prior to general use. Overgaard Nielsen (24) obtained numbers of free-
living nematodes per 1/7 pint of soil basis ranging from 666 to 27,175,
with a mean of 10,154, from 13 sampling areas in a group of cultivated
mineral soils in Denmark. It is rare when the standard Christie and Perry
method or other modified Baermann methods will yield more than 2,000
nematodes per 1 /7 pint of soil in Louisiana, regardless of soil type or crop.
Its reproducibility was tested by analyzing a series of pint soil samples re-
moved from a rice field transect at intervals of 10 feet. After processing,
the following nematodes and nematode groups were counted in each
sample: Tylenchorhynchus martini Fielding 1956 (the only parasitic spe-
cies present)
,
Tylenchus spp., Psileyichus spp. dorylaimoid groups and
saprophytic groups. Variation in numbers of the three most abundant
forms was consistent in 7 of the 9 samples, indicating proportional extrac-
tion and enumeration. Since the method is sufficiently sensitive to detect
differences between replicate samples (experimental error), it was consid-
ered reliable for determining treatment differences.
^Tylenchus species, Psilenchus species and Ditylenchus intermedins (de Man 1880)
Filipjev 1936 have not been implicated as parasites of higher plants. Since they possess
the same morphological attributes as the plant parasitic species they are called suspected
plant parasites.
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Evaluation of Fumigants.—The economic comparison o£ soil fumi-
gants is based commonly on a correlation of crop response with degree of
nematode kill observed in initial samples. In this work, the principal
objective was an evaluation of fumigant-nematode interactions. There-
fore, population reduction in each experiment was based on the average
of all samplings throughout the growing season. In addition to contribut-
ing fundamental information, this analysis has resulted in a more ef-
ficient utilization of data, much of which would have been discarded in
initial sampling comparisons because of low nematode numbers.
EXPERIMENTAL RESULTS
The occurrence of plant parasitic nematodes in the experiments is de-
tailed in Table 2. The most frequently occurring genera were Pratylen-
chus, Trichodorus, Tylenchorhynchiis, Xiphinema, Hoplolaimiis and
Helicotylenchus. The species occurring most commonly in the experi-
ments were an undescribed Tylenchorhynchus species, Hoplolaimiis coro-
natus Cobb 1923 and Xiphinema americanum Cobb 1913. The suspected
plant parasites Tylenchus species, Psilenchus species and Ditylenchiis inter-
medius (de Man 1880) Filipjev 1936 were found in virtually all experi-
ments. The distribution of all commonly occurring species was generally
unrelated to soil type. This is demonstrated in the plant parasites by the
Table 2.—Occurrence of plant parasitic nematodes in 21 soil fumigation experiments
made in Louisiana in 1955 and 1956
Nematodes'^ Occurrence in experiments
Pratylenchus zeae Graham 1951 1, 7, 8, 13, 21
Pratylenchus spp. 2, 3, 4, 5, 9, 10, 13, 14, 15, 16, 18, 21
Trichodorus spp. 1, 2, 3, 4, 5, 7, 8, 9, 10, 15, 16, 20, 21
Tylerichorhyyichus acutus Allen 1955 1, 2, 4, 5, 7, 8
Tylenchorhynchus species 2, 6, 7, 8, 9, 10, 13, 14, 15, 16, 19, 21
Tylenchorhynchus martini Fielding 1956 11, 12, 21
Xiphinema americanum Cobb 1913 1, 2, 4, 5, 6, 15, 16, 18, 19, 21
Helicotylenchus spp. 1, 2, 6, 7, 9, 10, 14, 15, 16, 18, 19, 21
Hoplolaimus coronatus Cobb 1923 1, 6, 9, 10, 15, 16, 19
Criconemoides spp. 4, 5, 6, 18, 19, 21
Paratylenchus spp. 16, 19, 20
Meloidogyne spp. 15, 19
Radopholus oryzae (v. Breda de Haan
1902) Thorne 1949 12, 17
Rotylenchulus sp. 16,18
Rotylenchus sp. 1
Tylenchulus semi-penetrans Cobb 1913 18
Criconema sp. 6
'^Suspected plant parasitic nematodes Tylenchus spp., Psilenchus spp. and Ditylenchus inter-
medius (deMan 1880) Filipjev 1936 occurred in virtually all experiments.
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ocxuirence of mixed populations of the same Tylenchorhynchus species at
Homer, Curtis and DeRidder.
Effectiveness of Fumigation.—Fumigation treatment was generally
effective in reducing nematode populations in the "kill samples" in all ex-
periments, except numbers 16 and 17. Comparisons of fumigants based
on combined samplings for nematodes throughout the growing season
will be presented in another section.
Statistical Evaluation of Data.—Tabulation of the data in terms of
samplings and treatments was made for the first 15 experiments. Species
of three genera were selected for detailed analyses. These were Praty-
lenchus zeae, Pratylenchus species, Trichodorus species and Tylen-
chorhynchus species comprising pure and mixed populations, as indi-
cated. Two objectives were pursued in the analysis of individual experi-
ments: (1) to determine the proportion of significant differences be-
tween samplings within individual treatments and (2) to determine the
Table 3.—Fumigants, their dosages and eflEects in reducing populations of Praty-
lenchus (P) , Trichodorus (T) and Tylenchorhynchus (TYR) in soil fumiga-
tion experiments made in Louisiana in 1955 and 1956
Fumigant and dosage Genera of plant parasites
Populations"
reduced
Experi-
ment
D-D
Mixture
Gal./A.
Dowfume
W-85 Nemagon
Lbs./lOO
sq. ft.
Dowfume
MC-2 Occurrence
significantly
throughout
growing
season
1 25 7 3.5 P,T,TYR P
2 25 7.5 3 P,T,TYR P
3 25 1 2 P,T
4 25 2 P,T,TYR P,T
5 25 5 P,T,TYR P
6 25 7.5 7.5 2 TYR
7 25 7 2 P,T,TYR P,TYR, TOTAL
8 25 2 2 P,T,TYR
9 25 7 2 P,T,TYR TYR, TOTAL
10 6 2 2 P,T,TYR
11 40 7 3 TYR TYR
12 42 3 TYR
13 25 P,TYR
14 5 P,TYR
15 30 10 4 P,T,TYR
Populations reduced significantly by one or more fumigants, as determined by statistical analy-
sis of combined data from all samplings. Analyses of population reductions in total nematodes
(TOTAL) were confined to experiments 5, 7, 9, 11, 14. Fumigation was considered effective in all
15 experiments because of the absence of plant parasitic nematodes in "kill samples" taken 2 weeks
after fumigation.
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proportion of significant reductions in populations below the controls by
individual fumigants across samplings.
For purposes of this work, a population of nematodes must be de-
fined as an individual species or as a mixture of known or unknown spe-
cies belonging to a single genus. Designations such as T. martini, Psilen-
chus species and Tylenchorhynchus species indicate the character of popu-
lations in individual experiments. Where similar populations occurred
in several experiments discussed jointly, they have been referred to in a
plural sense, as in the above sentence.
Numbers of nematodes in the pure and mixed populations varied
widely between experiments and in the different samplings and treat-
ments of individual experiments. Ranges and means in the distribution
of numbers, however, were generally related for numbers of Pmtylenchus,
Trichodorus and Tylenchorhynchus species from nonfumigated control
plots. The nature of the data indicated that the lower numbers of these
and other genera encountered in treated plots would probably approxi-
mate a Poisson distribution, if sufficient replications could be secured for
conformance tests.
In order to evaluate the methods of enumeration of nematodes and
to study the characteristics of nematode data from the statistical stand-
oint, 120 different pint soil samples were secured from a 20 x 20 feet
square of Coastal Bermuda grass sod at Homer, La. Xiphinema ameri-
cannum occurred in extremely small numbers, following among 1/7
pint aliquots, an ideal Poisson distribution. By restricting the counting
field and determining Trichodorus spp. in 1 /28 pint aliquots, it was pos-
sible here also to achieve close conformance with a Poisson distribution.
Tylenchorhynchus acutus Allen 1955, however, in 1/28 pint aliquots,
yielded a mean number of 23 with a variance of 58, and the distribution
of its numbers approximated the characteristics of a normal distribution.
With increase in numbers over 20 per 1/28 of the watch glass area, the
enumeration system became progressively less definitive; for example,
with a mean of 60 the variance was 472, indicating difficulties in both
counting and maintaining uniform distribution of nematodes over the
watch glass surface.
Most of these difficulties have been avoided in the fumigation plot
work by the counting of individual genera and species, which almost al-
ways occurred in smaller numbers than 20 per 1 / 7 of the field. The count-
ing of small numbers of a particular form, which must be searched out,
is more accurate than the counting of large numbers because the viewer
is, in effect, counting a number of fields. Under the medium power
magnification of the microscope used in the work, 1 / 7 of the watch glass
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area is approximately 16 times the field diameter. In order to scan this
area the viewer must count at least 16 fields.
Analysis of Data on Pure and Mixed Populations of Pratylenchus,
Trichodorus and Tylenchorhynchus Species.—The sets of data analyzed
for sampling and treatment differences totaled 145. Duplicate analyses
were made with the transformations ^ X .5 and log (X
-f 1), where
nematode numbers were low and included zero; and with Y X and log X
where numbers were high. A total of 290 separate analyses of variance
were conducted with the help of I.B.M. facilities at Louisiana State Uni-
Table 4.—Proportions of statistically significant sampling and treatment comparisons'"
in 290 analyses of the population behavior of Pratylenchus, Trichodorus and
Tylenchorhynchus species in soil fumigation experiments made in Louisiana in
1955 and 1956
Sampling comparisons Treatment comparisons
Statistical Significant Significant
Transformation'' Total 5% 1% Total 5% 1%
V X + .5 97 11 25 21 2 9
log (X + 1) 97 10 26 21 5 8
V ^ 20 5 7 7 0 4
logX 20 4 9 7 0 4
Total 234 30 67 56 7 25
"Significant differences between; (1) samplings indicated intraseasonal fluctuations in nema-
tode populations caused by unknown factors, and (2) treatments indicated reductions in nematode
populations by one or more fumigants.
Duplicate analyses were conducted on each set of data comparing V X + .5 with log (X + I )
,
when numbers were low and included zero and V X with log X, when numbers were high.
Table 5.—Numbers of Pratylenchus species by sampling in control plots of fumigation
experiments made in Louisiana in 1955 and 1956
Plots Average numbers per 1/7 pint soil by
per sampling
Experiment" sampling 1 2 3 4
1 3 4.7 17.4 5.6 9.0
4** 4 2.3 2.0 15.3 45.3
5** 4 3.8 1.0 4.0 64.5
7 4 6.6 17.1 8.0 20.5
8 4 7.3 1.0 12.3
9 4 0.4 0.0 3.1 3.0
10 4 1.0 10.3 3.7 6.5
15 4 0.3 2.0 4.0 1.4
a Asterisks indicate statistically significant intraseasonal fluctuations in populations; (*) indi-
cates 5% and (**) 1% levels of significance.
b Sampling intervals ranged from 4 to 6 weeks in all experiments following the initial "kill
sampling" 2 weeks after fumigation.
12
versity. Two hundred and thirty-four of these were sampling comparisons
and 56 were comparisons of fumigant effects.
A summary of the results of the statistical analyses is in Table 4. Sig-
nificant intraseasonal (short cycle) fluctuations occurred in 97/234
analyses (41.5 per cent) and significant reductions in nematode popula-
tions in 31/65 analyses (55.4 per cent). The square root and log transfor-
mations were generally equivalent in terms of the per cent of experiments
yielding significant intraseasonal fluctuations in populations of the dif-
ferent genera and in the reductions of their populations by fumigants.
The number of analyses yielding significance at the 1 per cent level was
more than double that at the 5 per cent level. There was no relation
between F value and the average sample or sample of the highest num-
ber of nematodes.
Population Trends of Species of Pratylenchus, Trichodorus and
Tylenchorhynchus—Pratylenchiis species, including P. zeae, occurred in
12 of the 15 experiments studied intensively. Those listed in Table 5
yielded relatively high populations of Pratylenchus species. Populations
increased generally throughout the growing season in all 8 experiments
and fluctuated significantly between samplings in experiments 4 and 5.
Species of Trichodorus occurred abundantly in control plots of 7 of
the 15 experiments (Table 6). There was a net rise in populations, fol-
lowing each initial sampling, in these 7 experiments. Statistical signifi-
cance of sampling differences was confined to experiments 4 and 5, as
with species of Pratylenchus. In 4 of the 7 experiments, there was a de-
layed build-up of Trichodorus species during the crop season. One pe-
culiarity was the frequency of occurrence of zero numbers in certain
samplings, although the nematodes were quite abundant at other periods.
Table 6.—Number of Trichodorus species by sampling in control plots of fumigation
experiments made in Louisiana in 1955 and 1956
Experimenf"
Plots
per
sampling
Average numbers per 1/7 p
sampling''
int soil by
2 3 4 5
3 0.0 0.0 0.0 0.0 1.3
^** 4 0.0 8.0 22.5 39.0
5** 4 17.0 0.0 0.0 51.3
7 4 2.0 0.0 8.2
8 4 3.3 8.0 8.5
10 4 13.0 13.5 0.0 0.3
15 4 0.0 0.0 0.0 10.0
^ Asterisks indicate statistically significant
cates 5% and (**) 1% levels of significance.
^ Sampling intervals ranged from 4 to 6
sampling" 2 weeks after fumigation.
intraseasonal fluctuations in populations; (*) indi-
weeks in all experiments following the initial "kill
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Tabic 7.—Numbers of TylencJiorliynclius species by sampling in control plots of fumi-
gation experiments made in Louisiana in 1955 and 1956
'F'vi~»f^viiiipii t'*
Plots
pci
sampling
Average numbers per 1/7 p
sampling^
mt soil by
1 2 3 4 5
1 4 0.0 0.0 3.0 0.0
4 3 2.0 0.0 0.0 0.0
5 4 5.3 1.3 0.3 48.0
7* 4 85.7 14.8 43.4
8** 4 16.5 14.0 69.3
9** 4 10.1 3.5 12.2 0.3 44.6
10* 4 14.5 7.0 17.8 109.0
J J
* * 4 16.1 47.4 1.6 31.0
12 3 1.8 2.5 0.5 1.5 0.3
15 4 1.3 0.0 0.0 0.0
"Asterisks indicate statistically significant intraseasonal fluctuations in populations; (*) indi-
cates 5% and (**) 1% levels of significance.
^ Sampling intervals ranged from 4 to 6 weeks in all experiments following the initial "kill
sampling" 2 weeks after fumigation.
There was a general tendency also for the different populations to rise to
abnormal levels in fumigated plots, in agreement with the observations of
Perry (25, 26) on the stubby root nematode (Trichodorus sp.) in Florida.
Species of Tylenchorhynchus occurred abundantly in 10 of the 15
experiments analyzed intensively. Five of these exhibited significant in-
traseasonal fluctuations in populations (Table 7) . It is interesting to note
that 4 of the 10 experiments show sustained decreases in populations fol-
lowing the initial sampling.
Population Trends of Species of Tylenchus and Psilenchus.—The
data in Table 8 reveal similar population trends for both genera of su-
spected plant parasites. In 11 of the 13 experiments, the populations of
Tylenchus species in the first two samplings were greater than or equal
to those in the last two. In Psilenchus species, 8 of the 12 experiments
showed this population trend. In spite of the general decline in popula-
tions of both genera during the growing season, there was a distinct ten-
dency for a population rise between first and second samplings, particu-
larly in Tyle7ichus species. There was a tendency also for a population
decline between first and second samplings in species of both genera, par-
ticularly with Psilenchus species. A population rise between the first and
second sampling was almost invariably connected with a sharp drop be-
tween the second and third sampling. There were only two instances of
population increase in Tylenchus species and four in Psilenchus species
between second and third samplings. In general, these data demonstrate
a population decline in species of Tylenchus and Psilenchus, which stands
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Table 8.—Numbers of Tylenchus and Psilenchus species by sampling in control plots of
fumigation experiments made in Louisiana in 1955 and 1956
Average numbers per 1/7 pint soil by
sampling*
Experiment sampling 1 2 3 4
Tylenchus species
1
a
3 1.3 0.7 0.0 0.0
4 4 2.0 0.0 0.0 0.0
5 4 3.8 0.0 0.0 0.0
6 5 1.0 12.8 1.8 3.0
7 A4 0.0 3.0 0.0 0.0
8 4 0.5 3.0 O.U
9 4 1.0 0.0 1.7 0.0
10 4 0.0 12.0 0.0 0.3
11 4 1.0 0.0 0.0 1.0
12 3 0.0 10.0 4.3 2.3
13 4 0.0 11.3 13.5 0.0
14 4 0.8 22.0 6.8 1.5
15 4 9.1 33.0 0.0 0.0
Psilenchus species
A A4 0.0 0.0 0.3 0.0
5 A4 0.5 0.3 0.8 0.3
6 5 0.5 0.0 0.0 0.0
7 4 3.3 9.0 0.0 0.0
8 4 1.0 0.3 0.0
9 4 0.3 0.0 2.4 0.0
10 4 0.0 14.8 0.3 0.0
11 4 7.7 14.0 0.3 0.7
12 3 34.0 1.0 0.0 0.7
13 4 17.5 9.5 0.3 0.0
14 4 1.0 5.5 1.0 0.0
15 4 1.3 0.0 23.4 0.0
^ Sampling intervals ranged from 4 to 6 weeks in all experiments following the initial "kill
sampling" 2 weeks after fumigation. Statistical analyses were not made on populations of these
genera.
in contrast to the population trends of the plant parasitic nematodes.
Numbers of Ditylenchus intermedius in the experiments were too low to
indicate a characteristic population trend, and were not included with the
data in Table 8.
Correlation of Intraseasonal Fluctuation-s in Populations of Tylen-
chorhynchus Species with Rainfall and Flood Periods.—Populations of
Tylenchorhynchus species in soybeans and T. martini in rice manifested
significant intraseasonal fluctuations. In soybeans, these fluctuations were
perfectly correlated with rainfall at Curtis in 1955 for each 2-week period
prior to sampling (Figure 1). High rainfall was correlated with low num-
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Figure 1.—Correlation of rainfall with intraseasonal fluctuations in mixed pop-
lations of Tylenchorhynchus species in soybeans at Curtis, La., in 1955.
bers and low rainfall with high numbers of nematodes. Similar correla-
tions occurred between populations of T. martini and water applications
to rice for flooding at Crowley in 1955 (Figure 2) . High numbers occurred
in samplings 1, 2 and 5, following periods when the plots had not been
flooded with water. The occurrence of low rainfall throughout Louisiana
in 1956 probably prevented the reoccurrence of these results. However,
Figure 3 exhibits the fluctuations obtained in populations of total nema-
todes, T. martini and Radopholus oryzae (V. Breda de Haan, 1902)
Thorne 1949 in the 1956 rice experiment at Crowley. Water was removed
from this experimental plot during one 14-day period of the growing sea-
son, but rainfall in this interval prevented the soil moisture from falling
below the saturation level. The curves in Figure 3 indicate extremely low
numbers of plant parasitic nematodes throughout the experimental pe-
riod. Adjacent nonflooded areas of white Dutch clover, infested with T.
martini, commonly yielded 10 times as many specimens per 1/7 pint of
soil. Fluctuations in populations were statistically significant only for
R. oryzae.
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Figure 3.—Parallel fluctuations in ]Dopulations of TyJenchorh\nchus martini Fielding
1956, Radophohis onzae (v. Breda de Haan 1902) Thorne 1949 and total nematodes in
rice at Crowlev. La., in 1936. 'Numbers of total nematodes are di\ided bv 100.)
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Generic Differences in the Population Recovery of Nematodes Fol-
lowing Fumigation.—Interactions between the various fumigants and
populations ot phuit parasitic and suspected plant parasitic nematodes
were analyzed by a unique method of combining data from 15 experi-
ments. A sample of the data converted to percentage reduction in
populations of five genera throughout the growing season by D-D mix-
ture is in Table 9. The genera are ranked in Table 10 according to their
relative reactions to D-D mixture in each experiment. A high rating in-
dicates effective suppression by the fumigant or a relatively weak recov-
ery by the population. A low value indicates a relatively strong recovery
by a population after fumigation. The ratings are summed and each
sum divided by the number of comparisons for the genus. A highest
possible mean (HPM) is similarly calculated and a final percentage for
each genus is based on this, as shown at the bottom of the table. Interac-
tions with each fumigant were treated in the same manner.
The data are summarized in Table 11. Tylenchorhynchus species
(TYR)
,
comprised principally of T. acutus, an undescribed species of
Tylenchorhynchus and to a less extent by populations of T. martini, ex-
hibited, in aggregate, the weakest population recovery to all fumigants.
The behavior of Pratylenchus species (?) , comprised of P. zeae and sev-
eral undetermined species, was erratic, owing to the differential effects
Table 9.—Sample of data showing reactions of 5 genera'' of plant parasitic nematodes to
D-D mixture in fumigation experiments made in Louisiana in 1955 and 1956
Per cent reduction^ in populations (all samplings)
Exp. Samples TYR P T PS TY
1 12 100 99 -650 88
2 16 100 -100 35 43 36
3 18 77 77 52 58
4 16 100 95 - 59
5 16 78 82 52 60
6 10 - 82 28
7 16 79 33 -81^ 84 42
8 12 - 18 42 37 20 73
9 20 72 49 100
10 16
11 20 75 76
12 15 55 -17 -62
13 16 52 55
14 16
15 16 46 90 9 - 2
The generic names are abbreviated as follows: Tylenchorhynchus (TYR), Pratylenchus (P),
Trichodorus (T), Psilenchus (PS) and Tylenchus (TY).
b A negative (— ) per cent reduction indicates a per cent increase in the population.
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Table 10.—Method of evaluating data on the relative reaction of plant parasitic nema-
todes'^ to D-D mixture in fumigation experiments made in Louisiana in 1955
and 1956
Relative reaction
rLXp. 1 1 -K. Jr 1 r A 1 I
1 4 3 1 2
2 5 1 2 4 3
3 4 3 1 2
4 3 2 1
5 3 4 1 2
6 1 2
7 4 2 1 5 3
8 1 4 3 2 5
9 2 1 3
10
11 1 2
12 3 2 1
13 1 o
14
15 3 4 2 1
Totals 27 24 16 19 26
Comparisons 10 9 8 8 11
Mean 2.70 2.67 2.00 2.38 2.36
Highest possible
mean (HPM) 3.60 4.11 4.25 3.75 3.64
M/HPM in
per cent 75.00 64.96 47.06 63.47 63.27
^ The generic names are abbreviated as follows: Tylenchorhynch us (TYR), Pratylenchus (P),
Trichodorus (T), Psilenchus (PS) and Tylenchus (TY).
Table 11.—Relative population recovery of five genera of plant parasitic nematodes fol-
lowing fumigation in relation to different soil fumigants in experiments
made in Louisiana in 1955 and 1956. (Complete relative recoverv z= 100 per
cent)
Dowfume D-D Dowfume
Nematode'' MC-2 mixture \V-85 Xemagon Mean Reaction
TYR 40.00 25.00 9.87 5.66 20.13 \Veak
P 43.75 35.04 46.62 13.05 34.62 Moderately
\veak
T 53.81 52.94 51.88 54.25 53.22 Strong
PS 46.50 36.53 47.88 52.94 45.96 Strong
TY 57.14 36.73 44.18 57.14 48.80 Strong
^ Nematode populations were: TYR— Tylenchorhynchus acutiis + Tylenchorhynchus species; P—
Pratylenchus zeae and P. spp.; T, PS and TY— Trichodorus, Psilenchus and Tylenchus species, re-
spectively.
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of Dowiuine W-85, but in reaction to three of tlie four fumigants, mani-
fested a moderately weak population recovery. Trichodorus species (T)
made the strongest recovery to fumigation, followed closely by species of
Tylenchus (1 Y) and Psilenchus (PS) . In general, the data separated
the genera into two groups, weak and strong, in their population recov-
ery following fumigation. Pratylenchiis species, however, occupy an inter-
mediate position and must be classed as moderately weak in reaction.
The statistical conclusions listed in Table 3 are in essential agree-
ment with this analysis. In 3 of 13 experiments, populations of Tylen-
chorhynchus species were significantly reduced during the entire growing
season by one or more soil fumigants. Significant reductions of Pratylen-
chiis species occurred in 5 of 12 experiments. Populations of Trichodorus
species were reduced significantly in only 1 of 10 experiments.
Relation of Fumigant Vapor Pressure to the Recovery of Nematode
Populations.—Figure 4 illustrates the relation between the fumigants
arranged in order of decreasing vapor pressure and a progressive increase
in their tendency to differentiate between weak and strong groups of
nematodes. It is evident that relative recovery of the strong genera was
60
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Figure 4.—Relation of fumigant vapor pressure to the population recovery of dif-
ferent genera of plant parasitic nematodes following fumigation in experiments made
in Louisiana in 1955 and 1956. Generic designations are Tylenchorhynchus (TYR) ,
Pratylenchus (P)
,
Psilenchus (PS)
,
Tylenchus (TY) and Trichodorus (T)
.
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influenced little by differences in fumigants under the conditions of
these experiments. HoA\-e\"er. the progressi^e decrease in per cent relati\ e
reco\'er\" of populations of TylenchorJiync Jiiis .Npecie^ and Pratylencliiis
species indicates a definite inverse relation betT\-een the \ apor pressin-e of
a fumigant and its suppressi^"e effect against ^veak and moderateh A\-eak
nematodes.
Comparative Efl&ciencv of Fumigants.—The general effects of fumi-
gants on six common genera of plant parasitic nematodes are compared
in Table 12. Comparisons could be made, either in term.^ of populations
or constanc\' percentages, since both are aspects of nematode occurrence.
Constancv percentage is the percentage of samples containing a given
nematode. It "was introduced into nematode sampling studies bv Over-
gaard Nielsen (24) and is particularly useful for comparing nematode
populations of lo^v numbers and sporadic occurrence in diverse habitats.
Its use here enables the inclusion of data on Dityleuclius intennedius.
The most effecti\"e reduction of constancv percentages ^vas b\ Do-^v-
fume MC-2, follo^^ved in order of decreasing effecti\eness b\- Xemagon,
Dowfume W-^d and D-D mixture. The last three fumi,2:ants fall in the
order of an increasing \'apor pressure series. A\'ithin broad limits, the re-
ductions in constancv percentages b\" the fumigants are proportional and
independent of nematode genus. The one exception is Xemagon. This
fumigant showed \'erv little effect against the suspected plant parasitic
nematodes, as reflected in the constanc\" percentages of occurrence of spe-
cies of T\Ie?2chus. Psilencl'ius and Ditylenc Juis.
There Tvere two additional differential interactions of fumigants
^vith nematodes and soil types. A clearcut difference in fumigant action
was noted ^vith D-D mixture and Dowfume \V-85 against populations of
T. acutus and an undescribed species of Tylencliorhynchus in corn and soy-
beans at Curtis. A breakdo^vn of the combined numbers of these nema-
Table 12.—Constancv percentage- of common nematode genera^ bv treatment in com-
bined samplings of fimiigation experiments made in Lotiisiana in 1955 and
1956
Treatment P T TYR TY PS DY -Mean
Check 54.1 33.7 55.2 21.4 22.6 6.5 32.3
Dowfume -MC-2 is.
3
12.5 28.3 5.0 5.2 5.7 12.5
D-D mixttire 33.1 22.4 40.1 19.0 12.4 7.8 22.5
Do-^vfume \V->5 26.7 18.3 36.3 14.0 10.1 3.7 18.2
Nemagon 21.8 12.8 24.6 25.0 13.4 8.3 17.7
^ Constancy percentage is the percentage of occurrence in the samples from the different
treatments.
The generic names are abbreviated as follows: Pratylenchus (P), Trichodorus (T ) , Tylen-
chorhynchus TYR, Tylenchus ( TY ) , Psiienchus 'PS. and Ditylenchus (DY).
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Table 13.— Differential effect of fumigants on populations of Tylenchorhynchus acutus
and Tylencliorhynchus species in corn and soybean fumigation experiments
at Curtis, Louisiana in 1955
Average numbers per 1/7 pint soil''
Crop Sampling Check D-D mixture Dowfume W-85
Corn 1 82 4 73
2 15 2 2
3 44 25 4
Total 141 31 79
Soybeans 1 10 2 19
2 4 0 1
3 12 0 0
4 1 0 0
5 45 9 2
Total 72 11 22
» Sampling and treatment differences were highly significant at P = 0.01 in both experiments.
todes by sampling period, in both experiments, (Table 13) reveals that
D-D mixture reduced numbers early whereas Dowfume W-85 caused a re-
duction in numbers primarily near the end of the crop season. These re-
sults can be explained by the differences in vapor pressure of the fumi-
gants. Soil types at two locations exerted differential effects on fumigant
effectiveness against Pratylenchus species. D-D mixture was more ef-
fective than Dowfume W-85 in reducing numbers of Pratylenchus species
in both corn and soybeans at Curtis; however, Dowfume W-85 was more
effective against these same nematodes in corn and oats at Homer (data
not shown) . The soil at Curtis is much heavier in texture than at Ho-
mer and again the results are explicable in terms of fumigant vapor pres-
sure.
DISCUSSION
In mathematics, provable hypotheses are deduced from unprovable
fundamental assumptions. The theoretical justification for the arrange-
ment of these data along generic lines rests on the same foundation. The
results derived experimentally in this work support the fundamental as-
sumption that nematodes possess sufficient complexity of structure and
organization that certain facets of their population behavior should be
predeterminable at the generic level. In particular, the existence of dif-
ferences at the generic level should derive from the basic cause and effect
relation between structure and function, verified whenever the elements
are analyzed. It is known that structure determines function at higher
taxonomic levels. The feeding habits and disease-producing ability of
nematodes associated with higher plants are correlated with structural at-
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tributes such as the presence of (1) a spear or stylet, (2) basal spear or stylet
knobs and (3) large esophageal glands. The grouping of species of plant
parasitic nematodes into individual genera and the analysis of their num-
bers in the samples from the field plots have revealed characteristic popu-
lation trends and reactions to halogenated hydrocarbons. Generic dis-
tinctions of this kind are common in all large groups of organisms, but
they attract no attention because interest is focused on more definitive spe-
cies and race differences.
Population distinctions among plant parasitic nematodes in soils
may be based on (1) occurrence and distribution, (2) population trends
including fluctuations in numbers and (3) reactions to chemicals. The
relating of these characteristics to internal factors such as nematode
morphology and specific ecologic factors has been dependent on the de-
velopment of nematode taxonomy. Progress has been slow because nema-
tode taxonomists have generally shunned the field of experimental ecolo-
gy. Overgaard Nielsen (24) combined taxonomic and experimental meth-
ods in an exceptional study of the occurrence and distribution of free-
living nematodes in Danish soils. He was able to separate the nematode
species observed into three ecologic groups: (1) those widely distributed in
all soil types (eurytopic species), (2) those confined to permanently moist
locations, irrespective of the soil type (freshwater species) and (3) species
of narrow distribution (stenotopic groups) confined to sand and raw
humus.
The five known species included in this investigation which occurred
commonly were distributed independently of soil type. These were
Tylenchorhynchus acutus, Tylenchorhynchus species, Xiphinefna ameri-
canum, Hoplolaimus coronatus and Ditylenchus intermedins. Distribut-
tion of the last named was independent of host plant and the other species
exhibited wide host ranges, confirming and extending the results of
nematode surveys in Louisiana (7, 17) . The genera Pratylenchus and
Trichodorus, each comprising several species, were widely but not uni-
versally distributed.
Tylenchorhynchus martini is known to parasitize several species of
plants (4) and is confined primarily to southern Louisiana. This is the
most common parasitic species in Louisiana rice fields (3) but Johnston
(15) has shown the optimum soil moisture level for survival lies in the
range of 40-60 per cent of the moisture-holding capacity. Since it repro-
duces most rapidly in the greenhouse at high temperatures, this factor
may limit its northern distribution.
Certain distinctions were evident in the population trends of nema-
todes in the field plots. Populations of species of Pratylenchus and Tricho-
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donts increased during the crop season, providing circumstantial evidence
ol parasitic capabilities. Species of Tylenchorhynchus increased in num-
bers during the crop season, but there was a distinct tendency in the 1955
experiments tor popuhitions to fluctuate with rainfall and flooding prac-
tices, when these factors caused saturation of the soil for periods of several
days. In general, the most violent intraseasonal fluctuations occurred in
the ectoparasitic nematodes, their numbers frequently falling to zero or
near zero in a sampling, then rising again at a later sampling. Although
there were similar fluctuations in Pratylenchus species, the numbers rare-
ly fell to extremely low levels. This probably reflects the protective in-
fluence of plant roots as a reservoir of reserve population. Here, as in
the ectoparasitic forms, the fluctuations are discontinuous. Observations
suggest that population changes in Pratylenchus species (20) and Meloido-
gyne species reflect an alternation of endoparasitic and ectoparasitic
modes of existence.
Populations of the suspected plant parasitic nematodes generally de-
creased during the growing season, although there was a tendency for a
rise between the first and second samplings. In the absence of pathologi-
cal responses, this population decline constitutes circumstantial evidence
of non-parasitic tendencies toward higher plants.
The occurrence of statistically-significant intraseasonal fluctuations
in 41.5 per cent of the experiments analyzed indicates this is a common
phenomenon. Their cause and significance are unknown but they must
reflect the total incidence of several microbiological and edaphic factors.
Their relation to rainfall and soil moisture stimulated laboratory work
to determine if microbiological factors were involved in the periodic re-
duction of populations. Populations of Tylenchorhynchus martini, mixed
with larger numbers of free-living nematodes, were partially disinfested of
microorganisms by chemical treatments (13) and incubated for 10-day
periods in saturated and moist soil further divided into sterile and non-
sterile treatments. Consistently greater reductions in populations oc-
curred in nonsterile saturated than in nonsterile moist soil, confirming
field results and indicating further the effects of microbiological factors.
It is ironic that the type of fluctuations encountered in nematode
populations, whether seasonal or intraseasonal, can be related to the
frequency of sampling. This is the first report known to the authors of
the occurrence of fluctuations on the basis of a 4-6 week cycle. The dis-
agreement between results of European and American workers on the oc-
currence of fluctuations is puzzling, but it may result from differences in
(1) sampling methods, (2) stability of biotic communities (native vs.
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cultivated fields) or (3) purity of populations observed (one or many
species)
.
In all of the field plot fumigation work in Louisiana the numbers of
nematodes in the different groups observed in "kill samples" enable a
rating of relative population recovery in descending order as follows:
saprophytes = suspected tylenchoid plant parasites > tylenchoid plant
parasites > free-living dorylaimoid forms. Population recovery ratings
of the parasitic and suspected plant parasitic genera counted in soil
samples were: Trichodorus = Tylenchiis = Psilenchus > Pratylenchus >
Tylenchorhynchus. Perry (25, 26) found that Trichodorus species was
much stronger in population recovery following fumigation than Belono-
laimus gracilis and Dolichodorus heterocephalus. Meadow and root knot
nematodes appeared intermediate in strength of population recovery. Dif-
ferential interactions between nematodes and fumigants observed by
other workers furnish additional information on the relative population
recovery of different genera and species following fumigation.
Differences in nematode reaction to soil fumigants in field plots can-
not be interpreted at present in terms of resistance and susceptibility.
Factors of resistance may reside in the presence of a resistant egg stage in
fumigated soil. Generic and specific differences in the recovery of nema-
tode populations in fumigated soil may also be related to (1) occurrence
of natural enemies, (2) food supply, (3) differences in reproductive rates
and (4) different population trends. The principal environmental factors
known to promote the expression of differences in reaction to fumigants
include: (1) specific fumigant, (2) soil type, (3) soil moisture level and
(4) soil temperature.
The results of this investigation point out certain generic distinc-
tions among nematodes in terms of their population trends and their re-
actions to fumigants. Their recognition is simplified by a systematic
treatment of the effects of fumigants on nematodes as a function of their
relative vapor pressures. In the range of 20-25° C, the vapor pressures
in mm./Hg. are: Dowfume MC-2, 1628; D-D mixture, 29; Dowfume
W-85, 12; and Nemagon, 0.8. Theoretically, their diffusion rate in soil is
a function of vapor pressure and their degree of persistence in soils should
increase down the scale of diminishing vapor pressures.
Dowfume MC-2 was the most efficient fumigant used in the experi-
ments. Its killing action against all organisms in the soil was so complete
in 48 hours that its lack of persistence was unimportant. It was followed
in descending order of effectiveness, by Nemagon, Dowfume W-85 and
D-D mixture. Their efficiency as nematocides, throughout the crop sea-
son, was related inversely to their vapor pressures. This suggests that their
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relative efficiency in soils resides in their degree of persistence or the
spreading of their effects in time. The soil types utilized in the work
ranged from extremely light to extremely heavy in physical character. In
general the results represented an "average soil." Differential effects due
to vapor pressure—soil texture interactions in individual tests were of rare
occurrence and have been noted.
The relation between vapor pressure and persistence and the pro-
pensity of a fumigant to differentiate weak and strong nematodes was sug-
gested by the graded reaction of Tylenchorhynchus species to the various
fumigants arranged in order of decreasing vapor pressures. All data on
the interactions of nematodes with fumigants have been found perfectly
consistent with a vapor pressure or persistence theory of effectiveness, pri-
marily against weak nematodes. In some instances the modifying influ-
ence of soil texture must be considered, as in the experience with Nema-
gon against Trichodorus species in Florida (18) . Nemagon was the most
effective fumigant in this case because its persistence was at a premium
in light sandy soil. Results in the "average" Louisiana soil indicated
there was no relation between fumigants in terms of their vapor pres-
sures and the population recovery of Trichodorus species. Under these
conditions, the superior killing action of a high vapor pressure fumigant
such as D-D mixture apparently counterbalanced the superior persistence
of the low vapor pressure fumigants such as Dowfume W-85 and Nema-
gon. Dowfume W-40 (low V.P.) was more effective against Belonolaimus
gracilis (weak nematode) than Pratylenchus species (moderately weak
nematodes) (10) . Dowfume W-85 and Nemagon (low V.P.) were more
effective against Belonolaifnus gracilis (weak nematode) than D-D mix-
ture (high V.P.) (12) . Dowfume W-85 (low V.P.) was more effective
against Tylenchorhynchus claytoni (weak nematode) than D-D mix-
ture (high V.P.) but was less effective than the latter against meadow
nematodes (moderately weak nematodes) (22) . Initial kills of nematodes
are related directly to fumigant vapor pressure. The experience in Lou-
isiana has been that D-D mixture is generally more effective in reducing
nematode populations in "kill samples" than Dowfume W-85. Anderson
(2) found D-D mixture, Dowfume W-85 and Nemagon effective in that
order against Rotylenchulus reniformis. D-D mixture has been more ef-
fective against cyst nematodes (1, 6, 16) than Dowfume preparations of
lower vapor pressures.
The population trends of Louisiana Trichodorus species in control
plots and their tendency to rise to abnormal population levels in fumi-
gated plots suggests that their strong recovery depends on a rapid repro-
ductive rate and a suppression of their natural enemies (25, 26) . Behavior
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of the suspected plant parasites is entirely different. Here, the initial
sample populations in control plots are high and only slightly lower in
fumigated plots. Three factors appear implicated in their response to
fumigation: (1) presence of a resistant egg stage, (2) presence of food
soon after fumigation and (3) the tendency of populations to escape the
action of low vapor pressure fumigants. This is illustrated by the low ef-
fectiveness of Nemagon against these nematodes. Populations apparently
reached their highest peaks before the fumigant had diffused throughout
the soil; they were in low numbers in both control and fumigated plots
when Nemagon reached high levels of effectiveness (14) .
SUMMARY
A series of 21 soil fumigation experiments w^ere conducted in 1955-
56 in Louisiana to investigate the occurrence and activities of plant para-
sitic nematodes on important crop plants. Fifteen of these were selected
for extensive statistical analysis on the basis of effectiveness of fumiga-
tion and occurrence of relatively high numbers of species of Pratylenclms,
Trichodorus and Tylenchorhynchus.
Supplemental statistical analyses indicated that methods of sampling,
extraction and enumeration of the nematodes were adequate for dis-
tinguishing population trends and reactions to fumigants. Parallel sta-
tistical studies demonstrated that square root and logarithmic transfor-
mations of nematode data were generally equivalent.
Nematode genera occurring most commonly in the experiments were
Pratylenclms, Trichodorus, Tylenchorhyjiclnis, Xiphinema, Hoplolaimus
and Helicotylenchus. The most common species were Tylenchorhynchus
acutus Allen 1955, Hoplolaimus coronatus Cobb, 1923 and Xiphinema
americanum Cobb 1913. The suspected plant parasitic nematodes Tylen-
chus species, Psilenchus species and Ditylenchus intermedins (deMan
1880) Filipjev 1936 were found in virtually all experiments. The distri-
bution of commonly occurring species was independent of soil types.
Statistical analyses of populations of species of Pratylerichus, Tri-
chodorus and Tylenchorhynchus showed that significant intraseasonal
(short cycle, 4-6 week) fluctuations occurred in 41.5 per cent of the
analyses. Singificant reductions of the same populations throughout the
growing season, by fumigants, occurred in 55.4 per cent of the analyses.
The results suggested that individual and mixed species of plant
parasitic and suspected plant parasitic nematodes in the different experi-
ments exhibited population trends and reactions to common soil fumi-
gants, which were characteristic of the genus.
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Pratylenchus species increased in numbers during the crop season and
exhibited moderate intraseasonal fluctuations and recovery from soil
fumigation. Trichodoriis species also increased in numbers during the
crop season and displayed strong intraseasonal fluctuations and recovery
from soil fumigation. There were indications of abnormal build-up of
Trichodoriis species in fumigated plots. Tylenchorhynchus species were
particularly sensitive to external environmental influences and weak in
recovery from soil fumigation. The common occurrence of intraseasonal
fluctuations tended to obscure population increases during the crop sea-
son. Fluctuations in populations of these organisms in 1955 were corre-
lated with soil moisture changes produced by intermittent periods of rain-
fall and flooding. Populations of the suspected plant parasites Tylenchus
species and Psilenchus species exhibited gradual declines during the crop
season and, along with D. ifitermedius, were relatively unafl:ected by soil
fumigation.
Fumigants in descending order of effectiveness throughout the crop
season were Dowfume MC-2, Nemagon, Dowfume W-85 and D-D mixture.
With the exception of Dowfume MC-2, the relative effectiveness of fumi-
gants against nematodes was related inversely to their vapor pressure. The
interpretation of fumigant-nematode interactions has been simplified
by the introduction and elucidation of two hitherto neglected variables:
(1) fumigant vapor pressure and (2) relative population recovery of
nematodes after fumigation.
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